Objective: This study evaluates whether video-based coaching can enhance laparoscopic surgical skills performance. Background: Many professions utilize coaching to improve performance. The sports industry employs video analysis to maximize improvement from every performance. Methods: Laparoscopic novices were baseline tested and then trained on a validated virtual reality (VR) laparoscopic cholecystectomy (LC) curriculum. After competence, subjects were randomized on a 1:1 ratio and each performed 5 VRLCs. After each LC, intervention group subjects received video-based coaching by a surgeon, utilizing an adaptation of the GROW (Goals, Reality, Options, Wrap-up) coaching model. Control subjects viewed online surgical lectures. All subjects then performed 2 porcine LCs. Performance was assessed by blinded video review using validated global rating scales. Results: Twenty subjects were recruited. No significant differences were observed between groups in baseline performance and in VRLC1. For each subsequent repetition, intervention subjects significantly outperformed controls on all global rating scales. The introduction of work-hour restrictions, in particular, has made it essential to make surgical training more efficient. Although simulation training has been gaining increasing acceptance, the implementation of simulation training has proved challenging. 4 In an era where continuing professional development is a necessity, surgical skills should continue to be improved even once competency has been achieved. Many professions and disciplines utilize coaching to improve performance. The sports industry employs video analysis to maximize improvement from every performance.
Although simulation training has been gaining increasing acceptance, the implementation of simulation training has proved challenging. 4 In an era where continuing professional development is a necessity, surgical skills should continue to be improved even once competency has been achieved. Many professions and disciplines utilize coaching to improve performance. The sports industry employs video analysis to maximize improvement from every performance. 5 Coaching is a process that aims to facilitate performance enhancement by identifying, focusing on, and achieving specific goals. Although skill-related coaching is generally attributed to the sports industry, 6 in recent years, performance coaching has become known as an effective and widely accepted tool for professional development across many disciplines such as business, 7 education, 8 and in health care. 9 This emerging model of coaching is grounded in established adult learning and psychological concepts, which aims to foster self-directed learning through performance evaluation and feedback, goal clarification, a collaborative approach to problem solving, and action planning for the future. 10, 11 In contrast to instructive teaching or training methods, which deliver the knowledge and skills required to perform a task, coaching is a process in which participants engage in a one-to-one reflective dialogue to monitor and evaluate progress toward their specific goals and to modify action plans on the basis of feedback. 11, 12 The "monitor-evaluate-modify" element of this process establishes a cycle of self-regulated behavior, which is a key process in creating intentional behavior change. 13, 14 Drawing an analogy between surgery and other disciplines such as business, it is possible that this form of collaborative performance review, found in one domain, could be applicable to the other. A similar strategy has proven successful when importing other performance enhancement techniques such as mental practice 15 and deliberate practice 16 from sporting and music disciplines and applying them to surgical skills performance. Coaching can facilitate surgeons to develop specific action plans to pursue lower-order targets and then to monitor and evaluate progression toward longer-term goals.
The coaching literature offers a number of structured and standardized methods and models, which can be adapted to a range of coaching contexts. The challenge for a surgeon is to find a coach who can be present while he or she is operating. With the widespread adoption of laparoscopic surgery, obtaining surgeons' view, video recording of the operative field has become relatively straightforward. Coaching using videos of operative cases permits more flexibility and is a pragmatic solution to the challenges of obtaining real-time coaching. In this randomized controlled study, a coaching framework that can be applied to laparoscopic surgical skills performance is first identified. The coaching framework is then used to provide coaching with video recordings of procedures performed by the subject in a simulated setting. Laparoscopic skills performance is then compared between the 2 groups on real tissues using cadaveric porcine procedures. The objective of this study was to evaluate whether videobased coaching can enhance the quality of laparoscopic surgical skills performance.
METHODS

Identification of a Coaching Framework for Laparoscopic Surgical Skills Performance
A systematic, cross-disciplinary and multimodal search was conducted in pursuit of developing the surgical coaching model. The majority of peer-reviewed empirical research publications on coaching appeared in the behavioral sciences databases. There is consensus in the literature that the coaching process facilitates goal attainment by helping individuals to (i) "identify desired outcomes/specific goals, (ii) enhance motivation by identifying strengths and building selfefficacy, (iii) identify resources and formulate specific action plans, (iv) monitor and evaluate progress toward goals, and (v) modify future actions." 17 Performance coaching is generally goal-oriented. The assumption is that the clients (surgeons) know what goals they want or need to achieve (eg, reduction in operating time) or that they are capable of defining them with facilitative assistance. The Goals, Reality, Options, Wrap-up (GROW) model [18] [19] [20] is an example of such a coaching methodology. The GROW model is a tool that can be used in many different coaching scenarios and is an effective technique often employed by both new and experienced career coaches. The GROW model offers a way of structuring coaching sessions to facilitate a balanced discussion. It can also be viewed as a framework around which future coaching techniques and approaches can be developed. The GROW model guides a coaching conversation through 4 vital stages of goal-oriented coaching, namely, Goals, Reality, Options, and Wrap-up.
r Goals--focuses on specific targets that the client wishes to achieve. r Reality--explores the true nature of the problem (performance review).
r Options--formulation of effective solutions, particularly to the issues that prevent the clients from achieving their goals.
r Wrap-up--develops an action plan for the candidates to move toward their originally stated goals and examines potential obstacles and implementation strategy to overcome them. 
Subjects
The CONSORT diagram in Figure 2 demonstrates the flow of subjects through the study design. Laparoscopic novice subjects were medical students who voluntarily expressed an interest in study participation. Subjects were met by a study investigator and provided with written and verbal information before consent was obtained. Predefined exclusion criteria included subjects who had previously completed a laparoscopic skills training curriculum. The institutional review board was contacted for ethical approval and a waiver was recommended.
Equipment and Setting
The study was conducted in a dedicated laparoscopic skills simulation center at St Mary's Hospital, Imperial College London. A virtual reality (VR) laparoscopic simulator Lap Mentor (Simbionix Corporation, Cleveland, OH) was used for the VR phase of the study. A previously validated VR laparoscopic cholecystectomy (LC) training curriculum was used to train the subjects to competency. 21 All full VR and porcine LC procedures after the training phase were video recorded using a SONY high-definition digital camcorder. In addition, the simulator display was recorded using FRAPS real-time video capture software (Beepa Pty Ltd, Melbourne, Victoria, Australia) for a clear and unobstructed view of the simulated operative field (simulator display). Porcine LCs were recorded using a highdefinition laparoscopic camera to capture laparoscopic views in addition to the camcorder recordings. Videos from all platforms were stored on a WD (Western Digital, Irvine, CA) external storage drive. All coaching sessions were conducted in a private meeting room with multimedia facilities. The LC video captured from the Lap Mentor and the camcorder recorded videos were projected onto 50-in and 23-in LCD display screens, respectively.
Baseline Testing
Baseline laparoscopic skills assessment was performed on all subjects using the Lap Mentor simulator. Instructions were provided for 2 construct validated laparoscopic skills tasks: task 1: "clipping and cutting" and task 2: "2-handed maneuvers." 21 Participants were permitted a single practice trial of each task, after which their subsequent performance was recorded as baseline.
Training to Competence
After baseline testing, subjects were trained to perform a standard LC procedure using an evidence-based curriculum. 21 Training commenced with basic skills modules, followed by a requirement to achieve validated competence standards on 2 consecutive sessions. Trainees then progressed onto the procedural tasks again, requiring repetition until validated competency criteria were met on 2 consecutive sessions. The final stage in the curriculum involved performing a full-procedure module while meeting predefined proficiency criteria on 2 consecutive training sessions. Trainees were allowed a maximum of 2 training sessions per day, with a maximum of 2 hours for each session.
Randomization
Randomization took place after completion of training to eliminate bias during the training phase. Subjects were randomly allocated to either control or intervention group in a 1:1 ratio using a blocked randomization technique. Web-based randomization software (Sealed-Envelope Ltd, London, United Kingdom) was used to generate random sequence blocks of size 10, with the aim of allocating equal number of subjects in each group. The randomization sequence was concealed from the study investigators responsible for recruitment and training of subjects to minimize recruitment bias.
Control
Subjects performed 5 repetitions of a standard VR LC case. No advice or feedback was given during or after the simulation. A trained assistant was provided to facilitate camera view change, only when instructed by the subject. After each VR LC, the subjects viewed online surgical lectures for 30 minutes. Breaks of up to 10 minutes were permitted as required in-between cases.
Intervention: Video-based Coaching
Subjects performed 5 VR LC cases with instructions identical to those given in the control group. No advice or feedback was given during the simulation. After each procedure, they were coached by an experienced laparoscopic surgeon (with >6 years of LC experience). Coaching sessions were conducted in a meeting room with multimedia facilities as described previously. Coaching sessions of up to 30 minutes were structured into 4 distinct stages as described by the GROW model. A set of 10 key questions 18, 22 were identified from the coaching literature that act as a session guide for the coach and the subject, within the GROW framework. These questions were modified for use in laparoscopic surgical skills training (Fig. 1) . Two questions were omitted because of inapplicability to surgical coaching. Subjects were first asked to identify 1 or more aspects of their performance that they wished to improve upon as part of the Goals stage. In the Reality stage, subjects performed a self-evaluation using 3 global rating scales of intraoperative technical skill.
r Global Operative Assessment of Laparoscopic Skills (GOALS). 23 r Objective Structured Assessment of Technical Skills (OSATS). 24 r Operative Performance Rating System (OPRS) for LC. 25 Video footage of the operative field was played with the option to pause or rewind when requested by either the coach or the subject. The coach provided feedback on operative performance, focusing especially on the aspects highlighted at the start of the session in the goals stage. Subjects were encouraged to ask for advice or emphasize any areas they would like more feedback on. In the Options stage, the coach talked through ways to improve performance of a task. Subjects were asked to indicate which of the coaching tips received could be implemented in the next case to yield maximal benefit. They were prompted to discuss any challenges that they foresaw in implementing these changes (eg, a different approach may be required). Finally in the "Wrap-up" stage of the session, participants summarized what they hoped to achieve in their next VR operation and how pointers from the session could help realize those aims. This reiterative methodology was put in place to check understanding and add clarity to the advice given. Coaching sessions were moderated by one of the study investigators, who transcribed a 3-point action plan for the participant at the end of each session.
Porcine LC
After completion of the VR LCs during the intervention phase, both control and intervention subjects performed 2 porcine LCs. The cadaveric porcine laparoscopy model has been previously described 26 and served as a simulated measure of skills transfer from the VR setting to real tissue.
Outcome Measures
Primary outcome was the quality of laparoscopic skills performance in the porcine LC procedures assessed using the following global rating scales of laparoscopic skill: GOALS, 23 OSATS, 24 and OPRS. 25 A blinded trained surgeon assessor used the recorded video footage to rate performance on the 3 global rating scales. A randomly generated 25% sample of the videos was blindly reviewed by a second surgeon and the interrater reliability was analyzed.
Secondary outcomes of time and dexterity metrics were assessed using the validated Imperial College Surgical Assessment Device. 27 Laparoscopic skills performance was also measured during the VR LCs using r global rating scales (GRSs) as described previously to assess the quality of performance and r validated simulator metrics including time taken, total number of movements, and total path length.
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Statistical Analysis
Sample size calculation was based on an a priori power analysis. Previous studies of this nature have demonstrated 30% to 35% improvement effect in quality of laparoscopic procedure as assessed by global rating scale, following a deliberate practice training intervention. 16 To observe this effect with α = 0.05 and power = 0.80, a minimum of 8 subjects were required in each arm. Sample size was increased to 10 participants per group to allow for failure of 
RESULTS Subjects
Twenty subjects were recruited and completed the study; 10 controls and 10 interventions. Male:female ratio was 7:3 in the control group and 9:1 in the intervention group. Median (range) age was 20.5 
Baseline Laparoscopic Skills
At baseline, there were no significant differences in the 2 validated laparoscopic skills task performances between intervention and control subjects: Task 1: "clipping and cutting"-time (138 vs 122 seconds; P = 0.668) and task 2: "2-handed maneuvers"-time (105 vs 115; P = 0.796), total number of movements (126 vs 157; P = 0.159), and total path length (379 vs 415; P = 0.315). In addition, performance in the first VR LC after completion of training again revealed no significant differences between interventions and controls in the quality of the procedure as assessed by global rating scales [GOALS: (13.5 vs 13; P = 0.471), OSATS: (16.5 vs 16; P = 0.324), and OPRS: (26.5 vs 25; P = 0.183)]. No significant differences were observed between intervention and controls during VR LC1 in the validated simulator-generated parameters of time taken (442 seconds vs 471; P = 0.700), number of 
Virtual Reality LCs
After VR LC1, which served as a baseline for each subsequent repetition, intervention subjects significantly outperformed control subjects on all GRSs (Table 1) . These results are displayed graphically in Figure 3 using the GOALS rating scale. In the control group, GRSs did not change significantly at any stage during the course of 5 LC repetitions. Excellent interrater reliability was observed for GOALS (Cronbach α = 0.941), OSATS (Cronbach α = 0.964), and OPRS (Cronbach α = 0.963) global rating scales between the 2 video reviewers. Table 2 demonstrates the secondary outcomes, the VR simulator-generated metrics. Intervention subjects initially became slower and path length and number of movements increased. Intervention subjects' performance plateaued at LC2 for time and path length, and LC3 for movements. Control subjects initially became quicker and reduced path length and number of movements. Control subjects' performance plateaued at LC3 for time and path length, and LC4 for movements.
Porcine LC
Intervention subjects outperformed control subjects in porcine Intervention subjects took significantly longer than controls in both porcine LC1 (2920 vs 2004 seconds; P = 0.009) and LC2 (2297 vs 1683; P = 0.003). No significant differences were observed between intervention and controls in total number of movements: porcine LC1 (1771 vs 1734; P = 0.743) and LC2 (1859 vs 1696; P = 0.696). No significant differences were observed between intervention and controls in total path length: porcine LC1 (338 vs 403 cm; P = 1.00) and LC2 (415 vs 335; P = 0.762).
DISCUSSION
Coaching for improved professional performance is common practice in competitive industries such as sports, 28 business, 22 and large governmental organizations such as NASA. 29 The concept of coaching and its potential use with surgeons has stimulated much discussion. 30 The objective of this randomized controlled study was to empirically investigate the effect of video-based coaching on laparoscopic surgical skills performance. Subjects were first trained to competence on a validated VR laparoscopic skills curriculum. Baseline skills assessment revealed no significant differences between intervention and control groups. Subjects were required to pass competence standards throughout the curriculum before progressing to each stage. Upon completion of training to competence, subjects were randomized. The first VR LC revealed no significant differences in either the quality of the performance as judged by the global rating scales or the simulator-based time and dexterity metrics. This demonstrated the integrity of the randomization process. Despite equivalent exposure to practical laparoscopic skills training, video-based coaching enhanced the quality of laparoscopic surgical performance on all subsequent VR LCs as demonstrated by all GRSs. Skills transfer and retention were demonstrated by enhanced quality of laparoscopic performance on both cadaveric porcine LCs when compared with control subjects. At a time when surgical trainees' exposure to operative cases comes at a premium, video-based coaching is a potentially feasible method of maximizing performance enhancement from every clinical exposure. The enhanced quality of laparoscopic performance came at the expense of increased time in the case of the cadaveric porcine LCs and at the expense of simulator-derived metrics-time, number of movements, and total path length, on the VR LCs. This finding is consistent with previous skills-based studies 15, 16 in which time and dexterity metrics either did not improve 15 or deteriorated 16 in the intervention groups when compared with controls, despite statistically significant improvements in the quality of laparoscopic performance as assessed by validated global rating scales. Economy of motion is a characteristic of a surgical expert that is reflected in the global rating scales of performance. However, economy of motion is relevant only if the procedure is performed to the same standard. For example, if the cystic duct is dissected out and skeletonized completely by both an expert and a novice, then one would expect the expert to have used fewer movements. However, the authors of this study found that intervention subjects' focus shifted from speed, and simulator metrics, to a greater focus on the quality of the dissection, with a resulting increase in movements during the progression along the learning curve.
The effects of video-based coaching for experienced surgeons would be interesting to observe, as coaching in other domains is often used to improve experts' performance in addition to during the early years of acquiring that expertise. For instance, professional tennis players receive intensive coaching to attain and also to maintain their professional status on the world tour. A limitation of the current Copyright © 2014 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. study is the use of surgically naïve medical students as subjects. This was a pragmatic decision taken to overcome the challenges of recruiting expert surgeons as subjects, in addition to finding a suitably experienced coach for those expert surgeons. Although the concept of coaching expert surgeons has been introduced 30 and qualitatively investigated, 31 to our knowledge this has not been empirically investigated. To explore the concept of using coaching to improve an already competent performance, all subjects in this study were first trained on a rigorous competency-based laparoscopic surgical skills curriculum that required competencies to be met to progress through to each stage. 21 The training took a median of 4 days to complete. After completion of the VR LC curriculum, the control group marginally improved its time and dexterity metrics while maintaining the quality of its laparoscopic skills performances on the subsequent VR LCs. This stability of skills performance confirmed that the training phase had been successful at achieving competence.
Current principles of surgical education target training to competence with an assumption that a competently trained surgeon will continue to improve with experience. However, Ericsson's 32 work has discussed the concept of deliberate practice, which proposes that purposeful practice will result in greater gains than practice alone. The results of this study demonstrate this. After completion of the VR LC curriculum, the control subjects failed to improve on the quality of their laparoscopic skills performances whereas the intervention group continued to improve the quality of its performance despite equivalent exposure to practice cases. Practice alone may maintain quality, but the addition of coaching facilitated subjects to continue to improve the quality of performance. This has implications for residency training programs, which often rely on repetition of a procedure with little opportunity for coaching. The authors chose not to give the control group the opportunity to view its videos to compare the video-based coaching intervention against what is current clinical practice. In current clinical practice, residents and surgeons rarely have the opportunity to regularly review videos of their operative procedures. Self-evaluation of videos may be an interesting area for future study, particularly in the search for ways to make the clinical implementation of video-based coaching more time efficient.
The main challenge to the clinical implementation of coaching with the modified GROW framework will be to identify faculty time to fit this intervention into current training programs. Ideally, surgeons would receive real-time coaching during all surgical procedures they perform. However, in practice, once a surgeon is competent to perform a procedure, continued teaching of that skill has to compete with the responsibilities and commitments of any potential coach. This study provides evidence that surgeons could continue to improve their laparoscopic skills performances by applying the modified GROW model of coaching to review video recordings of procedures at a time that is mutually convenient with a more experienced coach. Although the study was limited to simulated procedures, skills transfer to real tissues was demonstrated with the cadaveric porcine procedures. Clinical implementation of video-based coaching may require pragmatic modifications to the schedule described in this study. Coaching could be a weekly or monthly session in which junior surgeons meet the chief surgeon with videos of their cases. Certain generic goals could be set up that will be applicable to the majority of coaching sessions for a particular procedure and level of experience. However, junior surgeons should still be encouraged to identify more specific targets at the start of each coaching session to inform the coach and thus maximize the learning. It may be that self-evaluation of videos by junior surgeons may permit cutting the duration of the videos to only critical steps of procedures to reduce the time needed for coaching sessions. The self-evaluation or "Reality" stage of the GROW coaching model could be conducted by junior surgeons either on their own or in a group with other junior surgeons thus reducing the time required with the senior surgical coach whose time is often the most limited. The effects of this delayed video-based coaching would warrant further investigation. Nevertheless, this study describes an exciting opportunity to make training more efficient by maximizing learning from operative cases performed when a coach cannot be present. exposure to practical laparoscopic skills training, video-based coaching enhanced the quality of laparoscopic surgical performance on both VR and porcine LC although at the expense of increased time. Video-based coaching is a potentially feasible method of maximizing performance enhancement from every clinical exposure.
